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APPARATUS AND TECHNIQUE FOR 
UNIFORM LOADING OF ENDOLUMINAL PROSTHESES 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

5 The present invention relates generally to a device and method for aiding the 

process of loading endoluminal devices into a delivery apparatus. More particularly, 
the present invention is directed to a device and method to facilitate the collapse of a 
prosthesis. 

2 . Description of Prior Art : 

10 Endoluminal prostheses such as stents, stent-grafts and other related devices 

are used to treat vessels that have become weakened or diseased. These prostheses are 
used in a variety of circumstances to provide a remedy for the damaged vessels. The 
remedy can come in the form, for example, of added support for a vessel that has 
become weakened as a result of an aneurysm, or to reopen a vessel in which flow has 

15 been restricted due to diseases such as arteriosclerosis. 

In order to effectively deliver a prosthesis to the problematic site in the 
vasculature of the patient, the prosthesis must first be placed within a delivery 
apparatus, generally including a restrictive sheath or catheter. For example, U.S. 
Patent No. 6,096,027, incorporated by reference herein, describes a loading device to 

20 compress and load prostheses onto or into a catheter. This is accomplished by placing 

a stent device into a flexible sleeve or bag, and pulling the bagged stent device 
through a funnel shaped apparatus. At the end of the funnel taper, a catheter is 
positioned either to receive the stent device therein, or to accept the stent device 
thereon. The use of the bag or sleeve to pull the stent device through a funnel-shaped 
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loading apparatus acts to minimize frictional forces inherent in collapsing a stent 
device from its full diameter, as well as avoiding the longitudinally applied forces 
associated with pushing a stent device through a loading mechanism. 

The loading process described above can be additionally facilitated, 
particularly for large diameter stent and stent-grafts, by providing further methods to 
reduce the loading forces. Thus, it is desirable to provide devices and methods for 
preparing endoluminal prostheses in order to diminish frictional forces acting on the 
prostheses during the loading thereof into a delivery apparatus. 

SUMMARY OF THE INVENTION 

The present invention relates to devices and methods to facilitate the loading 
of a prosthesis into a delivery apparatus. More particularly, the present invention is 
related to devices and methods for forming alterations in the prosthesis to make 
collapsing of the prosthesis easier by reducing frictional forces acting thereon during 
the process of loading the prosthesis into a delivery apparatus. Advantageously, 
creation of alterations in the prosthesis enables a more compact collapse, leading to a 
smaller insertion profile. This is beneficial to both the physician and patient as 
complications inherent with the insertion of prostheses are largely reduced. 

In preferred embodiments of the present invention, a device to create 
alterations in a prosthesis includes a grooved mandrel and a pressing comb. The 
grooved mandrel is preferably a tubular object made from a hard substance, such as 
stainless steel, with grooves running longitudinally down its length. The grooves are 
spaced around the circumference of the mandrel, creating two distinct diameters, one 
for the grooved areas and another for the non-grooved or raised areas. Such a device 
is also known as a "splined" mandrel to those of skill in the art. The pressing comb is 
preferably a long hard structure also preferably made of stainless steel, having teeth 
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to create an alteration in a prosthesis without puncturing a layer thereof. The teeth of 
the comb are therefore extremely short in comparison to a conventional comb. One 
preferred embodiment of this device additionally includes a coupling apparatus, 
which not only connects the mandrel and the comb, but also coordinates their actions 
with respect to one another, mechanically controlling the alteration process. 

In a preferred method of utilizing the above-described embodiment of the 
present invention, the grooved mandrel is placed into the prosthesis, preferably such 
that a tight fit between the two is achieved, and mounted on a receiving rack. The 
receiving rack is attached to the coupling apparatus, which is in turn attached to the 
pressing comb. When the coupling apparatus is activated (i.e., by using a pneumatic 
control box), the pressing comb is moved a pre-determined distance downward, 
making contact with the prosthesis (the underlying mandrel being positioned such 
that a grooved section is facing the comb), until a longitudinal set of alterations is 
created. The mandrel is then axially rotated until the adjacent grooved section is 
facing upward and another set of alterations is fashioned. This process is continued 
until a desired number of sets of alterations are produced. 

In other preferred embodiments of the present invention, a device to create 
alterations in a prosthesis includes a grooved mandrel, a marking wheel and a shaft. 
The marking wheel can have teeth spaced around its circumference to effectuate an 
alteration on a prosthesis when the wheel runs along its periphery. In practice, the 
grooved mandrel is placed within the prosthesis and the shaft is placed through the 
middle of the marking wheel. The shaft is then used to move the wheel longitudinally 
down the outside of the prosthesis, forming alterations thereon. Of course, as in the 
embodiment described above, it would be advantageous to utilize a coupling 
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apparatus to coordinate the formation of the alterations on the desired portion of the 
prosthesis. 

These and other features and advantages of the present invention will become 
more apparent to those skilled in the art when taken with reference to the following 
5 more detailed description of the preferred embodiments of the invention and the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 depicts a longitudinal view of a grooved mandrel of the present 
invention. 

10 Fig. 2 depicts a cross-sectional view of a grooved mandrel of the present 

invention. 

Fig. 3 depicts a close-up view of a pressed comb of the present invention 
acting on an esophageal stent with a grooved mandrel inserted therethrough. 

Fig. 4 depicts a frontal view of a preferred embodiment of the present 
15 invention, showing a fully assembled pressed comb apparatus. 

Fig. 5 depicts a side view of Fig. 4. 
Fig. 6 depicts an overhead view of Fig. 4. 

Fig. 7 depicts a marking wheel of the present invention acting on an 
esophageal stent. 

20 Fig. 8 depicts a micrograph view of a cross-section of an esophageal stent 

following alteration processing but prior to loading. 

Fig. 9 depicts a micrograph view of a cross-section of the esophageal stent of 
Fig. 8 after it has been loaded into a delivery apparatus. 

Fig. 10 depicts a micrograph view of a cross-section of an esophageal stent 
25 loaded into a delivery apparatus without undergoing an alteration processing. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Turning now to the drawings, the present invention relates to devices and 
methods used to create alterations in a layer of biocompatible material covering or 
encapsulating a stent. The preferred biocompatible material utilized to cover and 

5 encapsulate stents for the present invention is expanded polytetrafluoroethylene 

(ePTFE), although a number of different materials are certainly within the scope of 
this invention, including polytetrafluoroethylene, polyesters, polyurethanes and other 
covering materials that would be, at a minimum, temporarily deformed from an 
alteration process such as the one described in the present invention. The term 

10 alteration as used herein means a small indentation, crease, dimple or differential 

density created in the surface of the ePTFE or other biocompatible material. 

Referring to Figs. 1 and 2, a grooved mandrel 10 is illustrated. Grooved 
mandrel 10 is tubular with two distinct diameters, which successively alternate about 
its circumference. This can best be seen in the cross-sectional view of Fig. 2, where 

15 each grooved section 14 set at a first diameter is immediately followed by a raised 

section 12 set at a second diameter. The importance of the two distinct sections 12 
and 14 on the grooved mandrel 10 will be appreciated to one of skill in the art with 
respect to the creation of the alterations in the covered stents, described in more detail 
below. 

20 Fig. 3 illustrates a close-up view of the creation of alterations 122 in the 

ePTFE covering 120 of an esophageal stent-graft 100. The esophageal stent-graft 100 
has a stent 110 that is encapsulated by an ePTFE covering 120. The term 
encapsulated as used herein means at least one layer of biocompatible material, in this 
case ePTFE, covering each of the luminal and abluminal layers of the stent and 

25 adhered to one another through the walls of the stent. Ends 104 of the esophageal 
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stent-graft 100 can be left uncovered and flared outward from a central axis of the 
stent 100 as shown. In a preferred embodiment of the present invention, the 
esophageal stent-graft 100 is mounted on the grooved mandrel 10 (see Figs. 4-6 for 
more detail). Pressing comb 20 is positioned to contact the ePTFE covering 120 of 
the esophageal stent-graft 100 at measured equidistant intervals longitudinally along 
the length of the stent-graft 100. The grooved mandrel 10 is positioned within the 
stent-graft 100 such that the grooves 12 of the mandrel 10 are underneath each set of 
alterations to be fashioned. When contact is made between teeth 24 of the pressing 
comb 20 and the ePTFE covering 120 at each groove 12 of the mandrel 10, an 
alteration 122 is created in the ePTFE covering 120. 

The devices and methods to create alterations in biocompatible layers 
according to the present invention are especially advantageous to large diameter 
prostheses such as the esophageal stent-graft 100 illustrated herein. This is due to the 
presence of increased loading forces acting on a larger diameter prosthesis (compared 
to a smaller diameter prosthesis) when collapsing for loading into a delivery 
apparatus. However, it should be appreciated that the devices and methods presented 
herein are equally applicable to biliary stents and other small diameter covered stents 
as well as grafts or sheaths or other endoluminal prostheses. Moreover, the present 
invention can be used for purposes unrelated to implantable prostheses where 
alteration techniques can be used advantageously; for example, where such 
manipulation of the surface of a material provides increased or facilitated 
performance of the material or apparatus with which the material is attached or 
associated in some capacity. 

Ideally, the alterations 122 will be created in the ePTFE covering 120 at a 
mid-point 112 between successive longitudinal articulations 114 in the stent 110. The 
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term articulation as used herein means a tip or point of a diamond shape in the stent 
wall. The creation of an alteration 122 at the mid-point 112 between successive 
longitudinal articulations 114 is accomplished through spacing of the teeth 24 of 
comb 20 and pre-positioning of the comb 20 prior to the creation of the alterations 

5 122 in accordance with the articulation 1 14 spacing, so that the teeth 24 correspond to 

the mid-points 112. When the comb 20 comes into contact with the ePTFE covering 
120, a set of alterations 122 will simultaneously be produced along a longitudinal axis 
of the esophageal stent-graft 100. 

Turning now to Figs. 4-6, a preferred embodiment of the present invention is 

10 illustrated. Fig. 4 shows a front view of a pressing comb device 40 with esophageal 

stent-graft 100 mounted thereon. As partially shown in Fig. 3, the grooved mandrel 
10 is inserted through the center of esophageal stent-graft 100. This enables the 
mounting and stabilization of the esophageal stent-graft 100 for creation of alterations 
122 in the ePTFE covering 120. The mandrel 10 is coupled to a main support 

15 structure 42 by support pins 54, which are inserted into the center of the mandrel 10 

whereby the mandrel 10 with the esophageal stent-graft 100 mounted is fully 
rotatable. A stop disk 60 abuts one end of the esophageal stent-graft 100 to prevent 
the esophageal stent-graft 100 from migrating, and a detent disk 50 is coupled to the 
mandrel 10 via one of the pins 54 to control the rotation of the esophageal stent-graft 

20 100. The control of the esophageal stent-graft 100 is further accomplished through 

the use of a locking pin 52, which is utilized to lock the detent disk 50 in each axial 
position for creation of alterations on the esophageal stent-graft 100. The locking 
action of pin 52 can best be seen in Fig. 5, where an end view of the pressing comb 
device 40 is shown. The detent disk 50 has several pin holes 56 therein, each 

25 associated with an axial position of the esophageal stent-graft 100 where a set of 
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alterations is desired. Certainly, depending on the prosthesis or material to be 
manipulated by the pressing comb device 40, these pin holes 56 can be more or less 
numerous. 

A linear slide 30 is mounted atop the main support 42. The linear slide 30 is 
5 controlled mechanically to move in a vertical direction a desired predetermined 

distance. Pressing comb 20 is attached to the base of the linear slide 30 via screws 28 
that slide into a pressing comb body 22 through a comb mounting plate 26. The 
features of the pressing comb device 40 can alternatively be viewed from above in 
Fig. 6. From this overhead view the esophageal stent-graft 100 can be seen more 
10 clearly. Once completely mounted on the pressing comb device 40, the esophageal 

stent-graft 100 can be acted on by the pressing comb 20, where each pass of the 
pressing comb 20 downward, contacting the esophageal stent-graft 100, creates a 
longitudinal set of alterations 122 along the ePTFE covering 120 of the esophageal 
stent 100. 

15 Referring now to Fig. 7, an alternate preferred embodiment is depicted. In this 

embodiment, the alterations are created in the ePTFE covering 120 of the esophageal 
stent-graft 100 through the use of a marking wheel device 90. The marking wheel 
device 90 includes a marking wheel 92 and a shaft 96. The shaft 96 is positioned 
through the center of the marking wheel 92 for smooth and steady movement thereof. 

20 The marking wheel device 90 may have teeth around the circumference of the 

marking wheel 92 to produce alternating dimples in the ePTFE covering 120. In the 
absence of teeth, alterations can be formed by the wheel 92 itself in the form of 
grooves along the length of the ePTFE covering 120. In preferred embodiments, a 
coupling apparatus will be attached to the shaft 96 to ensure uniform movement and 

25 pressure of the wheel 92 along the ePTFE covering 120. 
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In alternate preferred embodiments of the present invention, rather than a set 
of alterations being created along a longitudinal axis of a prosthesis as described 
above, different sets of alterations or a series of single alterations could be produced. 
For example, a circumferential set of alterations could be produced along a 
circumferential axis of the prosthesis by a disc-like device fashioned to fit around the 
circumference of the prosthesis. Teeth or other alteration-forming units could be on 
the inside of the disc-like device and the disc could contract at once or in intervals to 
cause alterations on the outside of the prosthesis. Similarly, the teeth on the disc-like 
device could be placed around the outside of the disc, similar to the marking wheel 92 
in Fig. 7, and the device could be placed within the prosthesis to be expanded 
outward to cause alterations on the inside of the prosthesis along a circumferential 
axis. In addition, circumferential alterations and longitudinal alterations could be 
made in concert by different types of devices, or sets of alterations could be made on 
different axes simultaneously. 

It should also be noted that while examples have been provided herein with 
regard to collapse of prostheses from a large to a small diameter, the scope of the 
present invention extends to the creation of alterations in the prosthesis to effectuate 
other forms of collapse as well. Thus, for example, alterations could be produced in a 
prosthesis to facilitate an accordion-like collapse thereof. 

Finally, many modifications may be made by those having ordinary skill in 
the art without departing from the scope of the present invention. In particular, it 
should be understood that the invention can be carried out by specifically different 
equipment and devices, and that various modifications, both as to the equipment 
details and procedures, can be accomplished without departing from the spirit and 
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scope of the invention. The spirit and the scope of the claims should not, therefore, be 
limited to the description of the preferred embodiments contained herein. 
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